These studies identify a further abnormality in cystic fibrosis (CF). The increase in intracellular free calcium concentration ([Ca2s]J after exposure to histamine and PGEI is demonstrated to be abnormally low in nasal cells, studied in short-term culture, from patients with CF compared with control subjects. [Ca2J1] is measured by using the Ca2+-sensitive fluorescent dye fura-2 and a fluorescence microscope imaging system. Concerning abnormalities in intracellular Ca2' regulation in CF, there were no significant differences in the magnitude of histamine-or bradykinin-induced [Ca2+]i increases in amiloride-treated normal and CF airway cells, studied by using fura-2 (21, 22). The present study is a more detailed evaluation of Ca2" regulation primarily by two secretagogues, histamine and prostaglandin E1 (PGE1), in lowpassage cultured nasal epithelial cells from control subjects and patients with CF. These agents cause electrogenic Clsecretion in mammalian trachea and nasal epithelia (22, 23). PGE1 increases cAMP production, while histamine does not affect cAMP levels and appears to exert its effects directly by Ca2l-related mechanisms (22, 24) .
Abnormalities in cyclic nucleotide-dependent Cl-channels in terms of their presence or regulation (or both) have been pinpointed as a central defect in cystic fibrosis (CF) (1) (2) (3) (4) (5) (6) . However, there appear to be additional transport abnormalities in CF (7) (8) (9) (10) (11) (12) (13) (14) . For instance, CF airway epithelia have increased basal Na' absorption, while CF ileum appears to have increased basal neutral NaCl absorption (8) . In addition, abnormalities in regulation of Cl-channels by second messengers appear to vary among tissues. For example, CF airway cells respond to Ca2' but not cAMP, while CF epithelia of the GI tract are not stimulated to secrete Cl-by Ca2 , cAMP, or cGMP (9-13).
Several aspects of Ca2' regulation have been suggested as being abnormal in CF. CF neutrophils, lymphocytes, and monocytes appeared to have higher basal intracellular free Ca2+ concentrations ([Ca2+] ) as assessed with quin2 (15) (16) (17) .
Mitochondria prepared from several cell types appeared to have twice the normal capacity for 45Ca2+ uptake in CF (18) . A variety of Ca2+-binding proteins reportedly have been altered in CF, including a deficiency of a 46.5-kDa calmodulin-binding protein (19) and an increase of a 14-kDa Ca2+-binding protein (20) .
Concerning abnormalities in intracellular Ca2' regulation in CF, there were no significant differences in the magnitude of histamine-or bradykinin-induced [Ca2+]i increases in amiloride-treated normal and CF airway cells, studied by using fura-2 (21, 22) . The present study is a more detailed evaluation of Ca2" regulation primarily by two secretagogues, histamine and prostaglandin E1 (PGE1), in lowpassage cultured nasal epithelial cells from control subjects and patients with CF. These agents cause electrogenic Clsecretion in mammalian trachea and nasal epithelia (22, 23) . PGE1 increases cAMP production, while histamine does not affect cAMP levels and appears to exert its effects directly by Ca2l-related mechanisms (22, 24) .
METHODS
Cell Culture. Nasal epithelial cells were obtained from normal or CF patients either from excised polyps or ethmoid tissue. Cells were dissociated by using trypsin (0.5 mg/ml) and EDTA (0.2 mg/ml) as described (25) [Ca2J11 Measurements with Fura-2. Nasal epithelial cells were plated on collagen coated glass coverslips, cross-linked with glutaraldehyde, and studied within 24 hr with a fluorescence microscopy imaging system as described (28) . The (28) . The first system consisted of a Zeiss universal microscope with a x63 objective lens (numerical aperture 1.30) and excitation filters centered at 350 ± 10 nm and 380 ± 10 nm and controlled by a MicroVax II computer. The second was a Zeiss Axiovert microscope with a x40 objective lens (numerical aperture 1.25) and excitation filters centered at 340 ± 10 nm and 380 ± 10 nm and controlled by a MacIntosh II computer. Both systems used a motor-driven excitation filter wheel. Light was then passed through a 480-to 530-nm band-pass filter and collected in a DAGE SIT 66 video camera. Data collection required <1 sec per fluorescence pair. Emission was averaged over eight frames, and the data from a square area (7 x 7 j.m for the x63 lens; 11 x 11 Am for the x40 lens) within the cells were corrected for background and used to calculate [Ca2+]i as described (28, 29) . The microscopy system was calibrated after each experiment. Background and autofluorescence were determined daily on parallel cell samples that were not exposed to fura-2. Cells were excluded from the study if (i) they appeared morphologically damaged, (ii) autofluorescence plus background accounted for >20% of the total signal, and (iii) the RO (measured fluorescence ratio) was not increased significantly and was close to Rma. at the end of an experiment, when cells were challenged with 10 ,uM ionomycin/10 t&M carbonylcyanide m-chlorophenylhydrazone (CCCP). Less than 2% of the cells were excluded by these criteria. As Table 1 ). The cells were also studied with exposure to PGE1, which has been shown to cause an increase in short-circuit current and to induce Cl-secretion in airway epithelium (22, 23, 30, 31 Cells were also perfused with 100 ,uM carbachol. Cells from four normal subjects (3-6) and three CF patients (7, 9 , and 13) were studied. After carbachol exposure, [Ca2+]i was increased, but there was only a peak increase of 30 ± , which now appears to be a Cl-channel itself (1, 2). However, abnormalities in CF appear to extend beyond those functions directly involved with Cl-channels: CF cells have increased Na+ absorption via channels in the airway (7) and via the neutral NaCl absorptive process in ileum (8) , there appears to be increased sulfation of glycoconjugates in nasal epithelial cells (14) , there appears to be an abnormality in the acidic environment of at least certain intracellular organelles (32) , and now we report an abnormality in internal Ca2' handling. nists suggests that the defect is more likely to be at an intracellular site common to their action. We suggest one possible mechanism based on the recognition that in CF the abnormality in CFTR leads to a defect in the ability of the abnormal CFTR to leave the endoplasmic reticulum (34) . It has been postulated that this may cause an abnormality in the acidic environment of certain intracellular organelles, which might account for abnormalities found in CF such as mucin production, including sulfation (33 We acknowledge the expert statistical help provided by Dr. Allyn Kimball, Department of Epidemiology, The Johns Hopkins Univer-
